In the present study, rf sputtered SnO 2 thin films (90 nm thick) loaded with clusters of ultra-thin (8 nm) metal catalysts (Pt, Ag, Ni, Pb, Al, Pd) are investigated for LPG detection. It is noted that SnO 2 film loaded with Pt catalyst clusters exhibits enhanced response (~ 750) to 200 ppm of LPG at a relatively low operating temperature (210 o C) with a fast response time of 100s. Variation of thickness of Pt clusters in the nanoscale range (2 to 20 nm) is seen to significantly influence the sensor response characteristics. Enhanced performance is observed for SnO 2 thin films loaded with 10 nm thick platinum clusters that exhibited a high response (~ 5 x 10 3 ) at an operating temperature of 220 o C. Preliminary results indicate the potential application of prepared sensor structure of Pt clusters (10nm)/SnO 2 (90 nm)/IDE/glass substrate for efficient detection of LPG at relatively low temperature.
INTRODUCTION
SnO 2 based thin film are deemed to be most promising for gas sensing applications due to advantages such as high sensitivity, low cost, fast response and recovery times [1] . SnO 2 exhibits sensitivity to various gases, hence dopants are introduced to make it selective [2] . Dopants besides acting as catalysts also modulate electron transport properties of the sensing SnO 2 layer. Hydrocarbon gases, including liquid petroleum gas (LPG) find useful applications such as domestic & industrial fuel, as a clean source of energy [3] , however their explosive nature makes requirement of reliable gas sensors indispensable. Major constituents of LPG include butane (70%-80%), propane (5%-10%) and propylene, butylene, ethylene and methane (1%-5%).
Literature indicates that various metal catalyst such as Pt, Pd, Ni etc. have been used to enhance the response of SnO 2 based sensors for LPG [4, 5] . Further, dispersal of catalyst and its content [4] [5] [6] [7] [8] [9] [10] [11] [12] in the sensing layer is also identified to be crucial for response characteristics, and its presence in dotted cluster form in the nanoscale range seems to give enhanced response [14] . However, each group has confined to one catalyst and no attempt has been made towards the comparison between various metal catalysts for LPG detection. In the present work LPG sensing properties of SnO 2 thin films loaded with ultrathin clusters (8 nm) of metal catalysts including platinum, palladium, silver, nickel, lead, aluminium are investigated.
EXPERIMENTAL
SnO 2 thin films (90 nm) were deposited by rf sputtering under reactive ambient on Corning glass substrates. Details of deposition conditions and processes are published elsewhere [13] . The glass substrates were patterned before SnO 2 film deposition by inter-digital electrodes (IDE) of platinum using conventional photolithography technique. Clusters of metal catalysts (Pt, Ni, Ag, Pb, Al, Pd) were deposited on the surface of SnO 2 thin films to make hetero-structure sensors using a shadow mask (0.6 mm pore size). Ultrathin clusters (8 nm) of platinum, palladium and nickel were deposited by rf sputtering whereas thermal evaporation was used for silver, lead and aluminium catalysts. Figure 1 shows variation of sensor resistance (R a ) measured in air as a function of temperature for SnO 2 thin film and SnO 2 hetero-structures (catalyst clusters on top). The SnO 2 sensing film shows a continuous decrease in R a value with increasing temperature and is in accordance with semiconducting behavior. It is interesting to note that resistance (R a ) of heterostructure sensors shows higher value compared to uncoated SnO 2 film sensor in the entire temperature range (Fig.1) . Maximum increase in R a was noted for sensor structure having Pt catalyst clusters followed by Pd clusters. Variation of resistance (Rg) of SnO 2 film sensor and SnO 2 -catalyst clusters measured in the presence of LPG (200 ppm) is shown in Figure 2 as a function of temperature. Rg values could be seen to decrease (in comparison to R a ) for all sensor structures after interaction with LPG thus pointing to the reducing nature of the gas. However, the quantum of fall observed for SnO 2 -metal (clusters) hetero-structures was much higher compared to that of uncoated SnO 2 film [ Fig. 1 and 2] . A rapid fall in R g value with temperature is distinctly seen for SnO 2 film-Pt cluster sensor [ Fig.2] . Value of Rg for uncoated SnO 2 film was found to decrease rapidly at lower temperatures (< 180 o C) and then shows a sign of saturation. Other sensor structures were found to exhibit poor sensing response (S < 50) and higher operating temperature (> 240 o C). Therefore it can be inferred that for efficient detection of LPG, clusters of Pt catalysts could be utilized for enhanced response and relatively lower operating temperature. The observed enhanced response characteristics for LPG may be attributed to the activation of spill-over of sensing gas molecules by Pt catalyst clusters on to the uncovered surface of sensing SnO 2 layer.
RESULTS AND DISCUSSION
The enhanced interaction of adsorbed oxygen (available on SnO 2 surface) with the spill-over of reducing gas molecules leads to the reduction in R g value thereby giving maximum response. Looking at the promising results obtained in the present study with SnO 2 -Pt cluster sensor, it was of interest to examine the effect of thickness of Pt clusters on the LPG response characteristics. Thickness of Pt catalyst clusters deposited on SnO 2 thin film was varied in the nanoscale range from 2 nm to 20 nm, and the observed variation of the sensor is plotted in figure 4 . The sensitivity of the SnO 2 -Pt cluster sensor was found to increase with an increase in cluster thickness from 2 nm to 10 nm and shows a decrease thereafter (fig. 4) . The initial increasing trend in sensitivity is attributed to the fact that spillover of sensing gas molecule on uncovered surface of SnO 2 layer increases with increase in thickness of Pt cluster. The sensor having 10 nm thin Pt clusters gives an enhanced response of 5 x 10 3 at a relatively much lower operating temperature of 220 o C. It may be noted from the literature that SnO 2 based LPG sensors either exhibits high sensing response (~ 333) at higher operating temperature ( 350 o C) [7] or a relatively lesser response (~45 ) with lower operating temperature (150 o C) [15] . It is therefore the sensor structure prepared in the present study having novel dispersal of Pt catalyst of 10 nm thickness in cluster form on the surface of SnO 2 film (90 nm) shows promise application for LPG detection.
CONCLUSIONS
Sensing characteristics of rf sputtered SnO 2 thin films loaded with various metal catalysts in the form of dotted clusters are investigated for LPG (200 ppm) sensing.
Amongst all the catalyst-SnO 2 heterostructures tested, SnO 2 thin films loaded with ultra-thin (~ 10 nm) dotted clusters of Pt catalyst exhibit highest sensor response (~ 5 x 10 3 ) at relatively lower operating temperature ( ~ 200 o C).
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